Acquiring temperature measurements using conventional methods can be costly and technically challenging. These active temperature sensors limit the environmental conditions in which they can be deployed. Most of them cannot tolerate wide temperature ranges and they are susceptible to failure in high radiation environments. This paper presents an energy autonomous wireless temperature sensing system without requiring physical contact or active elements. The environmental friendly device is made up of a planar capacitor integrated into passive filter. As the temperature changes, the capacitance is modified and consequently alters the resonant frequency of the circuit. The sensor can be integrated with an antenna and interrogated at distance by a reader. To prove this concept, a wireless sensing system is designed and simulated using a variable capacitor. Simulations were performed in order to optimize the device design and to verify the frequency shift with sensitivity of 2.85 MHz/°C. This design allows wireless temperature sensing, thus making it an effective solution for distant temperature monitoring applications. However, this developed technique is general enough to be implemented to high temperature application by using other capacitors made of high temperature ceramics sensitive materials.
INTRODUCTION
Fueled by the demand of smart sensors for environmental and industrial applications, significant amount of research has been performed on passive wireless sensors due to their several advantages over other competing sensing systems. These advantages include battery free operation, low maintenance cost, higher reliability and a better chance of toleration in high temperature environments. Although the most active sensing technologies offer outstanding performances in terms of resolution and time response, they require physical connection, battery power supply or expensive equipments for acquiring environmental variables information. These limitations make these existing active sensing technologies unsuitable for most monitoring applications [1] .
Because energy becomes one of the major concerns, solutions based on active sensors have been ignored to give way to passive techniques. Therefore, significant amount of research have made contributions to advance passive wireless sensing technologies and extend their applications in many areas, such as pressure sensor, humidity sensor, and temperature sensors [2] , [3] , [4] , [5] , [6] . In this context, many papers have been published related to passive technologies, removing contacts, active elements, or power supplies to be contained within the sensor.
Among various passive sensing techniques, those based on thermocouple technology have been developed extensively in the past decade. Most of available high temperature thermocouples are able to measure temperature up to 2300°C. However, this technology requires sophisticated slip ring mechanisms to ensure the continuity of electrical contacts while the signal outputting is weak and can easily be affected by common mode noises under high temperature environments [7] , [8] , [9] . Surface Acoustic Wave (SAW) technology were regarded as one of the most promising passive sensing techniques. SAW devices were used for various sensing applications as temperature, pressure and humidity monitoring. The principle of using SAW sensors is based on involving electrically acoustic waves and then reconverting the energy of the transduced wave back into an electrical signal for temperature measurement. However, they still suffer from some weaknesses including low sensitivity, calibration difficulties, and the RF interrogation signal that has to cover twice the distance between the reader and the sensor unit. Therefore, these devices cannot be implemented in some interesting applications, such as temperature sensing in turbine engines [10] , [11] , [12] . The Radio Frequency IDentification (RFID) technology has been another attractive passive solution developed in order to overcome the energy consumption reduction needs. The RFID devices are able to sense, power themselves, and communicate. While they have no power source onboard, their lifetime is virtually unlimited. Because, they cannot be interrogated at a range of more than 1 m, the main drawback of the passive RFID technology is the limited reading distance [13] , [14] , [15] .
Previous work by Y. Jia et al at Puerto Rico University has demonstrated very attractive results based on a passive LC resonant telemetry scheme, relying on a frequency variation output in order to measure temperatures, without need for physical contacts, active elements, or power supplies [16] , [17] , [18] . However, technology used for this passive sensing device suffers from some drawbacks in terms of operating frequency and reading distance. This project focuses on making the potential of this emerging technology a reality.
Fig 1: Schematic of the Wireless Proposed Communication
Nowadays, temperature passive sensors appear as a key technological solution for various applications, requiring energetic autonomy, small sized and stable sensing devices. The challenges of developing these sensors include high accuracy, long term measurement stability and survive harsh working environments. As a result, innovative and alternative sensing techniques are needed to respond to the requirements for passive sensing applications. This paper is intended to propose a wireless battery free temperature sensor. The temperature variations can be translated into a resonant frequency using a sensitive capacitor. Therefore, the device resonant frequency is related to temperature properties. By measuring this frequency using wireless technique, the information regarding temperature variation can be retrieved. This research is referred to extend the knowledge base of passive temperature sensing technologies in high temperature conditions and advance environment monitoring technologies.
PRINCIPLE AND DESIGN OF THE PROPOSED TEMPERATURE SENSOR
The wireless interrogation and remote powering is achieved through a remote reader using an electromagnetic link between the reader's and the sensor's antennas. Temperature change is wirelessly translated into a frequency shift, therefore, this information concerning the resonant frequency is also transmitted to the reader side through this link.
As illustrated in Fig.1 . The temperature information is detected by the reader across its antenna and then transmitted to a computer in order to analyze and store the data. The capacitance of the sensor changes in response to the variable temperature. Therefore, the resonant frequency of the device changes and the remote reader can detect frequency variations in the sensor's response across its antenna.
The temperature sensor, as illustrated in Fig.2 , is designed and optimized using Multisim software. The proposed device is composed of variable capacitor for wireless temperature monitoring integrated with passive bandwidth filter. This planar capacitor is the basic design principle of this sensing system. Besides, its structure makes the sensor easy to attach and can be used for a wide temperature monitoring applications.
In high temperature environments, the value of the capacitance changes linearly with the temperature variation as seen in Fig.3 . This rising level of the capacitance within the temperature modifies the resonant frequency of the device.
The core of the capacitor is made of a sensitive ceramic material that presents excellent dielectric properties with a temperature dependent dielectric constant value, and it is able to tolerate high temperatures up to the 200°C in which conventional materials cannot survive. The ceramic material is covered with a conductive layer of NiCr, allowing its work as a capacitive sensing element. Once the planar capacitor is exposed to variable temperatures, the dielectric constant has a linear variation with the temperature.
As previously shown, the temperature sensor has a simple design consisting of the sensitive capacitor and a passive filter. The filter choice is based on the many advantages that it offers in terms of Q factor, sensitivity and frequency operation. This device consists, in addition to the variable capacitor, of three static capacitors and four inductors. In addition to two resistors, losses representatives are added.
The ceramic multi-layer capacitor is integrated into the passive RLC circuit as a frequency controlling element: The capacitance changes due to temperature variation are translated into frequency shift.
SIMULATIONS RESULTS:
The simulation has been performed to offer a general idea of relationship between the resonant frequency and dielectric properties capacitor, as demonstrated in Fig.4 . Since the dielectric properties of the capacitor are temperature dependent, a shift in the sensor's resonant frequency is produced in response to temperature changes. A linear dependency of the resonant frequency on the capacitance is clearly seen.
As previously described, there is a temperature dependency on the material dielectric constant, resulting in a change of the sensor capacitance. Figure 5 illustrates the variation of the resonant frequency due to variations in temperature. As a result, a linear variation between frequency and temperature is noticed. Therefore, the device resonant frequency changes versus temperature properties. This variation information can be captured wirelessly by the reader, and the antenna used in this system should cover the range of possible resonant frequencies. Therefore, the device would be a powerful tool for many interesting applications since it offers very low power consumption and provides environmentally friendly temperature measurement.
CONCLUSION
New trends are moving in the direction of wireless and self powered sensing system. A passive sensor device reducing the problem of environmental impact and based on variable planar capacitor has been successfully demonstrated in this project. The temperature sensitive capacitor has been integrated into the RLC resonant circuit to create a frequency sensing mechanism, able to increase dramatically sensitivity and time response of the wireless temperature sensors. The sensed resonant frequency has a noticeable response versus temperature changes.
As a result, the temperature sensing technology presented in this paper offers many advantages including wireless interrogation, battery free and a simple design. Future work will be performed in order to optimize and extend the interrogation distance and the operating temperature range. Further investigation is also under way to verify the correlation between the conceptual and experimental results, and provide an equivalent device since it is a high frequency system.
